Mutants of the CuA site in cytochrome c oxidase of Rhodobacter sphaeroides: I. Spectral and functional properties.
To study the functional significance of the unusual bimetallic Cu(A) center of cytochrome c oxidase, the direct ligands of the Cu(A) center in subunit II of the holoenzyme were mutated. Two of the mutant forms, M263L and H260N, exhibit major changes in activity (10% and 1% of wild-type, respectively) and in near-infrared and EPR spectra, but metal analysis shows that both mutants retain two coppers in the Cu(A) center and both retain proton pumping activity. In M263L, multifrequency EPR studies indicate the coppers are still electronically coupled, while all the other metal centers in M263L appear unchanged, by visible, EPR, and FTIR spectroscopy. Nevertheless, heme a3 is very slow to reduce with cytochrome c or dithionite under stopped-flow and steady-state conditions. This effect appears to be secondary to the change in redox equilibrium between Cu(A) and heme a. The studies reported here and in Wang et al. [Wang, K., Geren, L., Zhen, Y., Ma, L., Ferguson-Miller, S., Durham, B., and Millett, F. (2002) Biochemistry 41, 2298-2304] demonstrate that altering the ligands of Cu(A) can influence the rate and equilibrium of electron transfer between Cu(A) and heme a, but that the native ligation state is not essential for proton pumping.